1. Introduction {#sec0005}
===============

The interpretation of quantitative data derived from echocardiography is based on comparisons with the predefined age, gender, and ethnic-specific normal reference values.[@bib0080], [@bib0085] Unfortunately, no reference values are currently available for Indian adults and therefore western data only are used as reference for echocardiographic interpretations in Indians. A few previous studies have shown that this may be inappropriate as Indians have smaller cardiac chamber dimensions than the western populations and may also have important differences in ventricular functional parameters.[@bib0090], [@bib0095], [@bib0100] However, the clinical impact of this discrepancy is not fully known.

2. Methods {#sec0010}
==========

Standard transthoracic echocardiographic examination was performed in 100 apparently healthy volunteers (mean age 34.0 ± 8.8 years, 59% males). Conventional two-dimensional and Doppler measurements were performed as per the recommendations from the American Society of Echocardiography (ASE).[@bib0105], [@bib0110] The cardiac chamber dimensions were compared with the references values recently published by the ASE.[@bib0080] Both the absolute and body surface area (BSA)-indexed values were compared and the proportions of the subjects having values within the ASE-defined ranges were calculated. The mitral inflow parameters and annular velocities were compared with the reference values provided in the 2009 ASE guidelines for assessment of left ventricular (LV) diastolic function.[@bib0115]

3. Results {#sec0015}
==========

The echocardiographic measurements in the study subjects and the comparisons with the ASE-recommended reference values are presented in [Table 1](#tbl0005){ref-type="table"}, [Table 2](#tbl0010){ref-type="table"}. Our subject had much smaller LV end-diastolic dimension (EDD), end-systolic dimension (ESD), and end-diastolic volume (EDV) with only 58%, 61%, and 61% of them, respectively, having these values within the ASE-defined normal ranges ([Table 1](#tbl0005){ref-type="table"}). Indexing to BSA increased these proportions to 81%, 90%, and 68%, respectively. Although the pattern was similar for both men and women, slightly greater proportion of women had these values within the ASE-recommended ranges (indexed LVEDD 82.9% vs 79.7%, indexed LVESD 95.1% vs 86.4%, indexed LVEDV 75.6% vs 62.7%, all P values not significant). Unlike LV dimensions, all subjects had LVEF within the normal range described by the ASE (≥52% in men and ≥54% in women).

Among LV diastolic function parameters ([Table 2](#tbl0010){ref-type="table"}), the ratio of the mitral inflow early diastolic velocity (*E*) to late diastolic velocity (A) was within normal range in the majority of the subjects (86%) but the *E* wave deceleration time was out of range in almost two-thirds of the individuals. In comparison, most of the study subjects had normal mitral *E*/septal annular early diastolic velocity (*E*′) ratio, mitral *E*/lateral *E*′ ratio, and mitral *E*/average *E*′ ratio (65%, 93%, and 90%, respectively), with none having elevated value of any of these three ratios. The LA volume index was normal in all subjects. Using the algorithm recommended for assessment of LV filling pressure in presence of normal LV systolic function,[@bib0115] all subjects were diagnosed to have normal LV filling pressure.

4. Discussion {#sec0020}
=============

Several studies have demonstrated that ethnicity is an important determinant of cardiac chamber sizes, and therefore, it is strongly recommended to use ethnic-specific reference values for echocardiographic interpretations.[@bib0080], [@bib0085], [@bib0120], [@bib0125] Failure to account for these ethnic differences can result in serious consequences as several key therapeutic decisions completely hinge on accurate assessment of cardiac chamber sizes and function.[@bib0130], [@bib0135]

A few previous studies have shown that Indians have smaller cardiac chamber dimensions than the western populations and may also have important difference in ventricular functional parameters. However, no reference values currently exist for various echocardiographic measurements in Indians because the limited previous studies that attempted to provide normative data either had small sample size, were old, employed measurements that are no longer contemporary, obtained only selected measurements, or included only nonresident Indians.[@bib0100], [@bib0140], [@bib0145], [@bib0150] This underscores an urgent need to develop a large, nationally representative database to provide normal reference values for various echocardiographic measurements in Indians.

However, until such time that ethnic-specific normative data become available for Indians, it is pertinent to determine to what extent the values in Indian subjects differ from the currently used reference values derived from other ethnic groups. These issues are very pertinent for day-to-day clinical application of echocardiography as all echo labs in India continue to use ASE data as the reference and very few labs routinely index the measurements to BSA. In this context, our study provides valuable insights. We found that in nearly 40% of the participants, absolute LV size and volume were smaller than the ASE-recommended normal values. These differences were significantly minimized once the values were indexed to BSA. These findings imply that the current practice of using absolute values for defining normality of various cardiac chamber dimensions in Indian subjects should be immediately discontinued and only BSA-indexed values should be used for this purpose.

Ethnic differences have also been reported for ventricular functional parameters. A previous study by Chahal et al. had shown that immigrant Indians had lower mitral *E*′ values as compared to European Whites (10.3 ± 2.1 cm/s vs 11 ± 2.1 cm/s, *p* \< 0.001) resulting in greater *E*/*E*′ ratios in Indians (7.9 ± 2.1 vs 7.0 ± 1.5, *p* \< 0.001). However, they did not evaluate whether this difference was clinically relevant. In our study, we measured several parameters of LV diastolic function and categorized them according to the ASE reference values. We found that in all our healthy participants, LV diastolic function was diagnosed to be normal using the integrated algorithm recommended by the ASE. These findings suggest that slightly lower mitral *E*′ values in Indians may not have much clinical relevance for day-to-day interpretation of echocardiography. However, it should be noted that medial annular *E*′ was found to be less reliable as compared to lateral annular *E*′ whereas mitral dtE was not a reliable indicator of LV diastolic function.

4.1. Study limitations {#sec0025}
----------------------

The most important limitation of the present study was that it was a small study consisting of a selected population from India. However, as stated above, the objective of this study was to only explore the magnitude of differences between Indian subjects and their western counterparts and not to establish normative data for Indians. The second major limitation of the study was that only healthy volunteers were included. As a result, we could only confirm the specificity of currently used ASE-recommended values for excluding cardiac dysfunction in Indian subjects. But it could not be determined if the recommended thresholds for LV systolic and diastolic dysfunction also had desirable sensitivity to accurately detect early stages of LV systolic and diastolic dysfunction in Indian subjects.

5. Conclusions {#sec0030}
==============

Our study, which included resident Indians, reconfirms previous observations that Indian subjects have much smaller cardiac chamber dimensions as compared to the western populations. However, LV systolic and diastolic functional parameters were not different. The use of BSA-indexed values for cardiac chamber dimensions is strongly recommended to minimize errors in interpretations during routine echocardiography practice.
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Comparison between left ventricular dimensions in our subjects and the normal ranges recommended by the American Society of Echocardiography.[@bib0080]

Table 1

  Parameter                                   Males (*n* = 59)   Females (*n* = 41)         Overall population (*n* = 100)                                                            
  ------------------------------------------- ------------------ -------------------------- -------------------------------- ---------------- -------------------------- ------------ ------------
  LVEDD                                                                                                                                                                               
   Unindexed value (mm)                       50, 42.0--58.0     41.1 ± 0.66 (39.8--42.4)   27 (45.8%)                       45, 38.0--52.0   39.5 ± 0.53 (38.4--40.6)   31 (75.6%)   58 (58%)
   Indexed to BSA (mm/m^2^)                   26, 22.0--30.0     24.1 ± 0.44 (23.2--25.0)   47 (79.7%)                       27, 23.0--31.0   25.8 ± 0.47 (24.9--26.7)   34 (82.9%)   81 (81%)
                                                                                                                                                                                      
  LVESD                                                                                                                                                                               
   Unindexed value (mm)                       32, 25.0--40.0     25.8 ± 0.51 (24.8--26.8)   33 (55.9%)                       28, 22.0--35.0   23.8 ± 0.55 (22.7--24.9)   28 (68.3%)   61 (61%)
   Indexed to BSA (mm/m^2^)                   17, 13.0--21.0     15.1 ± 0.31 (14.5--15.7)   51 (86.4%)                       17, 13.0--21.0   15.5 ± 0.34 (14.8--16.2)   39 (95.1%)   90 (90%)
                                                                                                                                                                                      
  LVEDV[b](#tblfn0010){ref-type="table-fn"}                                                                                                                                           
   Unindexed value (ml)                       106, 62--150       73 ± 3.3 (66.4--79.6)      32 (54.2%)                       76, 46--106      63 ± 2.4 (58.2--67.8)      29 (70.7%)   61 (61.0%)
   Indexed to BSA (ml/m^2^)                   54, 34--74         42 ± 2.0 (38.0--46.0)      37 (62.7%)                       45, 29--61       41 ± 1.6 (37.8--44.2)      31 (75.6%)   68 (68.0%)

Values represent mean ± standard error of mean (95% confidence interval for mean).

Age-specific references ranges were used for comparison.

ASE, American Society of Echocardiography; BSA, body surface area; LV, left ventricular; LVEDD, LV end-diastolic dimension; LVEDV, LV end-diastolic volume; LVESD, LV end-systolic dimension.

###### 

Left ventricular diastolic function parameters in study subjects in relation to the American Society of Echocardiography-recommended reference values.[@bib0115]

Table 2

  Parameter                                                                 Males (*n* = 59)   Females (*n* = 41)   Overall population
  ------------------------------------------------------------------------- ------------------ -------------------- --------------------
  Mitral *E*/*A*                                                                                                    
   Our data                                                                 1.74 ± 0.51        1.56 ± 0.39          1.66 ± 0.47
   Comparison with ASE-defined ranges[a](#tblfn0015){ref-type="table-fn"}                                           
    Normal                                                                  50 (84.7%)         36 (87.8%)           86 (86%)
    Abnormal                                                                9 (15.3%)          5 (12.2%)            14 (14%)
                                                                                                                    
  dtE                                                                                                               
   Our data (ms)                                                            234 ± 75           224 ± 85             230 ± 79
   Comparison with ASE-defined ranges[a](#tblfn0015){ref-type="table-fn"}                                           
    Normal                                                                  17 (28.8%)         16 (39.0%)           33 (33%)
    Abnormal                                                                42 (71.2%)         25 (61.0%)           67 (67%)
                                                                                                                    
  Mitral *E*/septal *E*′                                                                                            
   Our data                                                                 7.3 ± 1.6          7.7 ± 2.1            7.5 ± 1.8
   Comparison with ASE-defined ranges                                                                               
    Normal (≤8)                                                             41 (69.5%)         24 (58.5%)           65 (65.0%)
    Intermediate (9--14)                                                    18 (30.5%)         17 (41.5%)           35 (35.0%)
    Elevated (≥15)                                                          0 (0%)             0 (0%)               0 (0%)
                                                                                                                    
  Mitral *E*/lateral *E*′                                                                                           
   Our data                                                                 5.5 ± 1.4          5.6 ± 1.4            5.6 ± 1.4
   Comparison with ASE-defined ranges                                                                               
    Normal (≤8)                                                             55 (93.2%)         38 (92.7%)           93 (93.0%)
    Intermediate (9--11)                                                    4 (6.8%)           3 (7.3%)             7 (7.0%)
    Elevated (≥12)                                                          0 (0%)             0 (0%)               0 (0%)
                                                                                                                    
  Mitral *E*/average *E*′                                                                                           
   Our data                                                                 6.2 ± 1.3          6.4 ± 1.4            6.3 ± 1.3
   Comparison with ASE-defined ranges                                                                               
    Normal (≤8)                                                             53 (89.8%)         37 (90.2%)           90 (90.0%)
    Intermediate (9--12)                                                    6 (10.2%)          4 (9.8%)             10 (10.0%)
    Elevated (≥13)                                                          0 (0%)             0 (0%)               0 (0%)
                                                                                                                    
  Left atrial volume index                                                                                          
   Our data (ml/m^2^)                                                       18.2 ± 1.9         19.5 ± 1.9           18.7 ± 2.0
   Comparison with ASE-defined ranges                                                                               
    Normal (10--34 ml/m^2^)                                                 59 (100%)          41 (100%)            100 (100%)
    Abnormal (\<10 or \>34 ml/m^2^)                                         0 (0%)             0 (0%)               0 (0%)

All values are mean ± standard deviation or numbers with percentages in parentheses.

Age-specific reference values, as published in the ASE guideline document, were used for comparison.

*A*, mitral inflow late diastolic velocity; ASE, American Society of Echocardiography; dtE, deceleration time of mitral *E* velocity; *E*, mitral inflow early diastolic velocity; *E*′, mitral annular early diastolic velocity.
